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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
1.0 Introduction  
 
 
Rain attenuation is the most significant propagation mechanism for 
Communication systems operating above 10 GHz. Ku band (14/12 GHz) is becoming 
heavily used, and future expansion will be toward Ka band (30/20 GHz). However, rain 
attenuation increases approximately as the square of frequency through these bands. It is 
therefore, very important to accurately predict rain attenuation for reliable incorporation 
into the system design process. 
 
 Rain attenuation data for Ku band are available at moderate amount, while little 
has been reported in Ka band. Thus, models that permit accurate scaling of rain 
attenuation statistics are valuable in system design. Due to the limited amount of reliable 
long-term rain, attenuation statistics are available, frequency scaling method of rain 
attenuation can be used to obtain a rough estimate of the attenuation values measured at 
another frequency.   
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1.1 Problem Statement 
 
 
The planning of radio linker annual outage due to fading at millimeter 
Wavelengths are generally dominated by the effect of rain attenuation. The effects 
become more significant as the frequency increases. 
  
 The attenuation experienced by a microwaves link is principally a consequence of 
the rainfall along the link. However, there are other relevant factors, such as humidity, 
temperature and multiple effects. 
 
 Rain attenuation is a function of frequency, elevation angle, polarization angle, 
rain intensity, raindrop size distribution and raindrop temperature. This is the interference 
caused by raindrops on electromagnetic signals traveling through the atmosphere. 
 
 
 
 
1.1.1 The Need of Measuring the Effect of Rain Attenuation on the Radio Links. 
 
 
 Radio wave propagation through the earth’s atmosphere will experience reduction 
in signal level due to the rain parameter present in the transmission path. 
Accurate estimation of radio waves propagation impairments that affect link quality and 
availability and determination of the signal performance are essential to design a reliable 
satellite or terrestrial communication systems and earth terminals networks. However,  
the transmission quality at higher frequencies (above 10 GHz) and shorter wavelengths is 
greatly influenced by rain  resulting in signal attenuation and decreased link availability 
especially in tropical region such as Malaysia. 
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 Therefore, studies are needed to characterize the propagation effects on earth-
satellite or terrestrial links paths in order to provide guidelines and indications to the 
design of future reliable system on higher frequency bands. 
 
 
 
 
1.2      Objective of Research Project 
 
 
 The objective of this study is to perform a prediction and comparative analysis on 
the results of rain attenuation values collected in Malaysia.   
 
 The Cumulative Distribution of measured rain attenuations are compared to those 
scaled using existing frequency scaling models, thus to evaluate and investigate the 
accuracy of the prediction of rain attenuation in tropical climate. 
 
 
 
 
1.3     Scope of Work 
 
 
          This thesis focus on rain attenuation only and using a collection of rain attenuation 
data taken annually at UTM, Skudai from April 1999 to March 2000. The experimental 
microwave links are set-up at 23GHz, 26 GHz and 38GHz. All antennas are 0.6-meter 
diameter with horizontal polarization and a separation distance of 300 meter. Since the 
propagation path length is short, therefore the measured attenuation for 300-meter length 
is to be used to verify the frequency scaling models. 
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1.4     Organization of the Thesis 
           
 
           The thesis is organized as follows: 
Chapter 1 is a brief introduction on the background and objective of the study, scope of 
work and the organization of the thesis. 
  
 Literature reviews are described in chapter two and chapter three. In chapter 2, a 
few established techniques for rain attenuation prediction has been discussed.  At the end 
of the chapter, established frequency scaling of rain attenuation were discussed and the 
unique of each type of frequency scaling also being mentioned. 
 
Chapter 3 is concerned about prediction of cumulative statistics for rain 
attenuation. This chapter provides a guide to prediction methods and related propagation 
results for the evaluation of earth-space paths operating above 10 GHz. 
 
The methodology procedure of research project is described in chapter four. This 
chapter will describe the method of how to convert the raw data of rain attenuation to dB, 
dB/km and the cumulative distribution of the rain attenuation. 
 
Chapter 5 will explain the expected result based on the earlier researchers. A 
conclusion is made in chapter six, followed by recommendations for future work. 
 
 
